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BELATION BET- m m  AND OBOPI). 
By DEWEY ALBDOBP SEELEY, Local F&caeter. 

(Abstract of paper reard before the Michigan Academy of Bciencee, 
Ann Arbor, Mich., March 29. 1917.) 

INTRODUCTION. 

The determination of definite relationships between 
weather conditions and the wth of crops is difficult on 

is practically impossible, and we are still mthout exact 
statements of the plant re uirementa of any single cli- 
matological element, with t e ossible exception of rain- 

inv.estigations of the r d d  requirements which are in- 
teresting and helpful, but further information, even in 
this connection, is needed. 

At present, as Swingle (3) has stated, “The life history 
requirements and the limits of the power to resist un- 
favorable environmental conditions are fa r  better known 
for many microscopic lower plants, such aa bacteria, 
fungi, and algse * * *, than for the most im ortant 

of mi ‘ons of human beings, and whose products consti- 
tute the daily food of hundreds of millions.” 

The particular weather element with which this aper 
deals is that of temperature. What is needed is a B eter- 
mination of the heat requirements of each crop and a 
method of evaluating air temperature records in terms of 
their efficiency to meet these re uirements, and some 
su gestio- are made herein dong the latter line 
den the whole problem is find worked out it should 

aa regards heat, to meet the needs of each crop, possib y 
in terms of percentage of perfection. 

account of the com lex in fF uences involved. These are 
so intimately relate B that the isolation of any one factor 

fall. Smith (1) and Br@s % & antz (2) have made some 

crop pts whose culture provides employment P or tens 

. 

9 be possible to state the normal e 2 ciency of each localit , 

METHODS OF INVESTIUATION. 
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maize as a representative cereal crop and the peach 
as a ruit crop. In the c w  of maize, tem eratire s u m m e  
tions were made for the period between p anting and blos- 
soming for 27 years, also from blossommg to np- for 
the same years. Both seta of @urea show wide varistaom 
from year to yew, ran ‘ng from 1,232 in 1897 to 1,919 in 
1895 for the earlier I!% phase. Even wider ditEerences 
obtained in the later phase, the extremes being 897 in 
1907 and 1,607 in 1906. 

In the case of the peach five dif€erent periods were con- 
sidered, using 27 years’ records. The first eriod was 
from January 1 to blossomi 
from blossoming to ri ening;%e th i r8  from January 1 
to ripening; the fourti, from the date of blossoming one 
year to date of blossoming the nest; and the last, from 
the date of ripening one year to the date of blosso 
the next. Table 1 shows the extreme values in eac 
period and the ran o of variation expressed in percentage 

T-LE 1.-Th.e 2ewt and the greatest tanipwaticre sumniatwons i?a tke li e 
hase of the late Crawford Peach, as observed at Waiueon, Ohio, by 4. 

[The hzrth line gives the corresponding Percentage when msximum instead of mean 
daily temperatures are used.] 

f 7 

each ear; t 1 e second, 

7 
of the smaller to t % e greater. 

%cikesell from i8m to 191 ?. 

Jan. 1 to Blossom- Jan. to Blossom- RipeJltng 
Summatian. 1 blossm- 1 i n g  to I 1 ing to  1 t o  b l w  lAver8ge. 

ripening. riwning. ripening. w a g .  
l- I- l- I- 1-1- 

It is evident from these wide variations that the sum- 
mation method of studying the temperature re uire- 
ments of crops is not productive of consistent rm I g  ts. 

The various summations noted above were made from 
the mean dailv temmratures. Similar summations were 

Prof. Cleveland Abbe (4) in his “First report on the re- 
lation between climates and crops,” com iled a com- 

taken along this line up to 1891. For the most part the 
temperature studies wem carried on by means of what has 
been termed the “summation method.” This at first 

plete survey of all investigations which ha B been under- 

Fadts of mmmtion method. 
In order to demonstrate the futilit of this method, 

dticient by some, the splendid phenological records of 
hIr. Thomas Mikesell (5) and his temperature readings at  
Wauseon, Ohio, have been studied and tables compiled, 

which has been so extensively used an B is stil l  considered 

I 

also compiledwfromAthe maximum temperatures instead i 
of the means, and considerably closer results were ob- i 
tained. The resulting ercentages corresponding are j 
iven in the last line of 5 able 1 in black-face ty e, and I 

k e y  attain an average of 69 per cent, compare: to an 
average of 61 per cent with inem temperatures. These I 
closer results may he explained by the well-known fact : 

i 

but warmer daytime with considerable growth. The I 
clear daytime would have the higher maximum tempera- : 
ture and the greater weidit it would thus secure in the I 
summation process woula more correctly represent the 1 
value of this day to the lant. 

fore, it is recommended that maximum temperatures r 
rather than the mean daily temperatures be used. But i 

may have the same mean temperature, but 
and cool throughout with no plant growth, 

has a clear and cooler night with a clear 

I 

: 

If the summation met i! ods are to be continued, there- i 

neither gives satisfactory results. ,! 

I The erpoiim?iul method. 
As a modification of the summation method of stud ing 

the e5ciency of air temperature in promoting gant ! 
growth, Lehenbauer (’I), Livingston (8) , and others % ave ! 
made use of Van’t Hoff’s law regarding chemical action as 
ac.c.elerated by increase of heat. They reasoned that as I 
plant growth is largely chemical in nature, it should in- i 
crease and double with each rise of 18 Fahrenheit degees i 
in temperature, as it does in purely chemical reactions. : 

t -43  The fomula used is: u= 2 2 ,  where u is the value to j 18 
be found and t is the temperature on the Fahrenheit scale. ; 
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I 

I Summa- 
tion 

year. method 
(mean 
above 
43'F.). 

I 

Earl growth phase (appearance above ground 1,w9 
to %losspming ....._ ~ . .______.___ {%; 1,232 

64 Relation of kGiiti-Gitier in percentage.. . . . . . . . . 
Later growth phsse (blossoming to ripening). . . { ig '9 

Relation of lower tohigher in percentage.. . . . . . . . . . 

u is therefore the exponential function of the tempera- 
ture itself, hence a tem erature of 60' F. has a value of 2, 

growth of maize seedlings, that the owth rate at main- 
tained temperatures followed Van% %off's rule, only for 
medium temperatures. It ives increasingly higher value, 

to a certain limit, which is the temperature for the opti- 
mum rowth rate, beyond which its values are much too 
high, %ecause increase in temperature beyond the opti- 
mum means decreasing growth rate. This method fails, 
then, for one reason, as Zon (9) has pointed out in the 
case of the summation process, because it does not take 

78' F. of 4, etc. Lehen \ auer found, by actual tests on the 

for higher temperatures an 2 is therefore more accurate up 

Livingston method. 

Mean 2u$ 
temper- 1 temper- 
ature. , ature. 

4,234.0 I 5 962.0 
2,796.4 4:373.8 

66 74 

2 $: , $k;: 
5 6 5 0  59 

~ - - _ _ _ _  

they are in nature; (5) measurements were made under. 
maintained temperature conditions while in nature tem- 

erature conditions are exceedingl variable. He claims, 

ment over previous methods. 
In order to test his assumption his indices were applied 

to the daily temperatures, both mean and maxmum, 
during the two growth hases in maize a t  Wauseon, Ohio, 

treme vaues 9 were obtained by the summation process. 
It was belieyed that if the method had merit it would 
bring these extreme results nearer together. Table 2 
shows the values obtained. 

{owever, that his method will be 9 ound to be an improve- 

previousl mentioned, P or the two years in which the ex- 

E 
I 10. I .-v 1ew 01 me exposures 01 mermomewrs rurmsolng me aam lor mls scua 01 piam ana sou temperatures at tne u . c). w eatner ~ureau station ax East 

Lansing, La. 
account of this decrease in growth rate beyond the opti- 
mum temperature. 

The physiological index method. 
Realizin this fact Livingston (IO) has worked out a 

based on Lehenbauer's measurements of growth o maize 
seedlings as influenced by temperature. He used the 
curve established by Lehenbauer and simply measured 
the rate of elongation at each temperature, using the 
donaation which took place at 40°F. as unity. At 89', 
whi& was the o timum temperature for growth, ,the 

again at 116' F. 
Livingston realized five imperfections in this method, 

viz: (1) It was established on a sin le plant species; (2) 

elon ntion was 

5 series of in % ices of temperature efficiency for plant rowth, 

index was 122.3, a P ter which it rapidly decreased to unity 

consi f ered; (3) the shoot 

(4) t B e environmental con itions were more limited than 

the seedling sta 
of growth considered; 

TABLE 2.-Re$ults obtained by the ph eiOlogiCal index method of deter- 
mining temperature e w n c y ,  devisedby Lavingston, a8 corn ared with 
temperature summation results, during two p h e s  of p-oowi in  maize 
durang years of extreme values a8 regards temperature requirements. 

Phase of growth. 

While the Livingston method brought the thermal 
values slightly closer together in the case of the earlier 
life phase, there is an even eater difference in the results 
obtained in the two pears %ring the later growth phase, 
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when mean daily temperatures are used, but a very sniall 
iiiiprovemen t when niasiniuiy readings !re considered. 
The closer results obtained with the iiiasiiiiuni teiiipern- 
ture readings, instead of the means, amounted to 8 p c ~  
cent and 9 er cent in the two phases, respectively, whirh 

temperatures should be used. But cven with thesr 
the results are not satisfactory with any systeiii so far 
advanced. 

Plant tenperatuw. 

The author believes that sufficient attsitioii has not 
been giveii to the niatter of temperatures of the growing 

supports t E e contention earlier iiiade that ninsimum 

............-MAY 1916 ...... --..e.. ........................................ - ..... 

and ossibly other factors, the difference amounting to as 

During the past two years some observations have been 
made of the leaf tenipernture of the garden strawberrv, 
Fingmin wsca growing on the Weather Bureau grouids 
a t  ERst Lansing, Mich. (lat. 42’ 44’; long, S 4 O  26‘; nlt., 
855 f re t  above sea level). These observations have been 
iiiade in a rtxther crude way, by iiiems of cylindrical-bulb 
mininiuni thermometers, as shown in the ilioto ra h here- 
with (fig. 1 ). The growing leaf was simp !l y fol 88 e around 
thr IJulh mid held in close contact with it by iiieans of a pin 
or smnll splinter of wood. Care was taken to use a new 
leaf frrqiinitly. It is realized that this method did not 

niiic P i as 40 degrees (F.) or niore in sonie estrenie cases. 

. . . . . . . JUNE 1916 .......... ......................................... 
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pia. 1.-t urbos 01 rihliaLioii LmI.omLure and pianl growth at Weather Bureau oRic8, East Lansing, Mich. 

A= Dallv readings nf.’sblar radiation’thermometer” ( O F ) .  

B=Midday readings or the lant tliermomctrr (OF). 
&Daily elongation, in milknetcrs, of four plants; measurements mndc at 2 p. m. 

plant in studies of the relationship between teiii )erature 

reason of their color and texture, have far dlfferent powers 
of absorbhg and radiating insolation from those of the 
air which surrounds them. Many investigators have 
shown that leaf teiiiperatures are hi her when the sun is 

the temperature of ine leaves in bright sunshine, even 

2 to 10 degrees C. ((3.6 to 15 degrees F.) higher than 
the surrounding air. -4skenasy (13), Ursprung (14), 
Miss Matthaei (15), and Smith (16) have each found 
leaves of plants warnier than the air, the difference in 
temperature depending on the clearness of the sky, the 
season of the pa r ,  time of day, wind velocity, humidity, 

and growth. The various parts of the livmg p li ant, by 

shining, than the surrounding air. d A e r  (12) found that 

in winter when uiso P ation values are a t  their lowest, was 

give strictly accurate data as to the internal leaf teni er- 

in error conipared to the very wide variations in tpiper- 
ature noted 1,etween the leaf and surrouildllig air teni- 
peratures. “lie difference between the readings of two 
thermometers similarly mounted to determine plant-leaf 
teni erature was slight,never reaching I degree (F.), which 
wo s d indicate that the readings obtained were approsi- 
niately correct. Readings were made daily of the regis- 
tered niiuinium temperature, and also the current teni- 
perature a t  7 a. m., middav (regularly at 2 p. ni. in 19161, 
and at 7 p. m. Alongside the plant-temperature ther- 
mometers a soil thernioiiieter was esposed, with its bulb 
about 1 inch below the surface, and also B black-bulb in 
vacuo “solar radiation ’’ thermometer. The two latter 

ature, and yet the results are believed to be but dig E tly 
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thenuornetem were read thrice daily uring the growing 

eters. 
For lack of s ace but one month’s daily records are 

reproduced as ‘?able 3 of the present paper, but it will 
serve to illustrate the charactenstic variations in readings. 
The plant thermometer readin were usuall lower than 

m u d  being about 3 or 4 degrees (F.) lower than the air, 
the derences bein greater, of course, when the weather 

off more rapidly than the air in the early evening, so that 
at 7 p. m. it was usually 3 or 4 degrees (F.) lower in temper- 
ature than the surrounding air. On very warm days , with 
clear skies and still air, hfferences as great as 9 or 10 de- 
grees (F.) were observed. But the most striking difference 

season of 1916 at the same hours as dl e plant thermom- 

the air temperature in the ear Y y morning, t z e minimum 

wm clear with but F ittle wind velocity. The plant cooled 

made by lacing a marked leaf against a stake which had 
been d y  driven into the ground alongside the plant 

and marking the hei ht of the leaf tip 

(in m.) of the four plants was .used in plotting the 
curve. The plants were kept well watered throughout 
the experiment. In connection with the curves of 
growth rate and plant temperature in @we 2, there is 

Figure 3 
fas, in connection with the same growth-rate curve, 0, 
curves of soil temperature, 8, and of the maximum and 
mean air temperatures (Mz and m). It will be noted 
that the parallelism between the plant temperature 
(B in fig. 2) and growth-rate curves IS closer than that 
between any other temperature curve and that for growth 
rate. 

on at the the beT??s sta e da y a t  2 p. m. The t o t s  daily elongation 

iven curve A for the radiation thermometer. 

........-....MAY 1916.-.-l- _..... .... . . . .. ...... ... .. ..... .... .... . . . . ... . .. .. . . . . . . _. J U f J E  19;6 ... . . . . . . . . . . . . .. . . ... ... . . .. .... .. ... - -  .-......-+ 
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Fro. &-Curves of SOU and air temperatures, and plant growth at Weather Bureau ofice, Eaat Lansing, Mich. 
C-Total dsrly elongation of four Inuts, measured at 2 p. m. (1 flg. 2). 
Mz-MaxImum air temperature &Illy. 
m-Mean daily sir temperature. 
8-Soil temperature, r e d  at 2 p. m. daily. 

between leaf and air temperature occurred during the heat 
of the da , when they frequently amounted to 20 degrees 
(I?.), an (9 on a few occasions reaching 36 dqcrees (F.). 
The plant was at the higher temperature a t  the midday 
observation on all but 41 out of the 304 days that readings 
were made. These 41 da were all dark and cloudy, 
many of them with rain f&g at the time of observation. 

The fact that there is a close relationship between 
of the plant itself is 
rate, C, and of plant 

2. The curve of 

growth rate and the 

measurements 

Tho closer connection between the temperature of tho 
plant itself and the rate of growth and development was 
demonstrated by another experiment conducted. as fol- 
lows: On April 6, 1916, before there were any visible 
signs of awakenin in plant life out-of-doors, n cherry 

ical greenhouse. Thermo raph records of temperature 

until the blossoms o ened. This event occurred in the 
after removal 

in the open air did not blossom until May 9, or twenty 
da-ys later. From the temperature traces the total 
“temperature hours’’ was computed indoors for the 
13 days and out-of-doors ,for the 33 days, by giving to 

tree \vas removed B rom the college nursery to the botan- 

were ohtitined both out-o 9 -doors and in the greenhouse 

from out-of-doors, while cherry trees o 7 the same variety 
reenhouse on Aprif 19, thirteen da 
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ghclter. 

a#. 
63.0 
Bo. 1 
w.5  

71.3 
71.2 

each hour a value equal to its temperature minus 42'F. 
This ave 9,048 for the greenhouse and 4,228 for the open 
air. Svidently the air temperatures were not reliable 
murcea from which to determine the amount of heat 
which waa required to bring out the blossoms. A third 
temperature trace was constructed by interpolating from 
the four-daily lant temperature readings (minimum, 
7a, 2p, and 7pp which was only roughly correct, but 
which gave a total of 7,877 by the same system. If the 
effect of transpiration is taken into account, one niay 
safely assume that the shaded tree in the greenhouse 
was about 2.7 de ees (F.) cooler than the thermograph 

ures for the reduction 
due to transpiration. This would ring the thermal value 
in the greenhouse down to 8,237 as compared with 
7,877 out-of-doors, which is remarkably dose. 

4 bulb,if we accept 55 arwin's (17) 

-- 
Solar 

rxliation 
thermom 

etcr. 

I 

-- 
. .es. 

113.0 
124.0 
101.0 

125.0 
128.0 

brightly, while the difference between plant and air tem- 
peratures is lessened in proportion to the density of 
cloudiness. The 304 observations of plant temperature 
at midday have been collected under three headin : 

obscured sun; and (3) those when the sky was thickly 
overcast. Out of a total of 115 observations in clear 
weather, the average excess of plant tem erature over 

showed an average of 9.7 degrees excess, while on 101 
cloudy days the average excess of plant temperature 
was 0.9 degree. These all refer to midda observations. 

for evaluating air tem erature readi as to their effi- 

use of these temperature excesses in clear, partly cloudy, 

(1) those takeninbright sunshine; (2) thosewithapartia B y 
that of the air was 15.2 degrees (F.) ; 88 part Q y cloudydays 

With this as a basis the writer has evo T ved a formula 

ciency in promoting p P ant growth. x e formula makes 

4 ........ 
5 ........ 
6 ........ 
7 _....... 
8 ........ 
9 __...... 

10 _....... 

TABLE &-Plant, soil, and LLsOlar radiation" temperatures at East Lawing. Mich., compared with instrument sheltez readings, duting the month of 
Augwt,  1916. 

pxatlon: All readings are taken on the c;outh side of the Wenther nnreau huilding on the Yichlgan Agrlcultural College campus, within fdteen feet of OM another.] 

59.5 
67.9 

63.5 
70.9 
67.1 
65.1 
58.1 

r 
Plants. 

78.0 
79.1 
71.5 
RL. 6 
65.2 

1916. 

Y. . . . . . . . 

124.0 
9P.5 

125.(1 
11.Q. 5 
109.8 

72.s 
62.0 I 
545; 
56.0 

109.0 
122.0 

a?. 5 
11S.5 

102.0 

11 ........ 
12 __...... 
14 ........ 
15 ........ 
16 _....... 
17 ___..... 
1s __...... 
19 ..__._.. 
20 __..___. 

13 ........ 

- 

ihelter. 

- 
OF. 

59.2 
49.0 
62.5 

64.0 
70. 1 

72.2 
75.1 

59.1 

69.1 
55.0 
ML9 
44.6 
48.3 

s9. s 
64.7 
70.1 
69.1 

68.1 
73. s 
a?. 3 
5.1. 1 

52.1 

46. i 
41.0 
.49. 4 
54.6 
58.1 

1,S31.9 

59.2 

70.1 
69. n 

62. n 

56. n 

66.8 
52.2 

43.9 
45.0 

b7.9 
66.11 
w.0 
6i.I) 
65.3 

49.0 

- 

Soil. 

- 
F. 
R5. s 

69.5 
74.0 

76.0 
76.5 
74.0 
6s. 0 
€8.0 

73.5 
64.5 
fil. 5 
5s. 0 
5s. 5 

67.5 
n6.5 
70. 0 
72.5 
72.0 

74.0 
76.0 

64.0 

62. 0 

64.3 
A.S. 1)  

59.0 
62.0 
62. (I 

2,077.6 

70. o 
72. n 

81. n 

56. n 

67. n 

fi5 1 

72.3 ' 
75.0 
73.1 

74.11 
76.5 
57.0 
61.0 

57.0 

60.2 
51.7 

64:o 1, 

4s.n I 

7 8  m. 

120.0 
121.0 
116.0 
120.0 
1.36.O 

113.5 
12n.5 
124.0 
127.S 

04.0 

70.0 
lQP0 
1is.o 

Plnnts. 

OF. 
80.0 
55. R 
67.0 

66.1 
89.0 

74.0 
7s. I 

61. B 
61.0 

70.2 
57. I 
52 0 
49.1 
52.8 

a. 1 
6 2  0 
6% 1 

IO. 0 

72.8 

56. 0 

53.1 

5 8  0 
4s. 0 
45.0 
53.1 
56. .i s. 1 

7n. o 

72.3 

m. 9 

53. n 

1,902.1 

61.4 

21 ....... - 
22 __...... 
23 ___..... 
24 _....... 
25 .._..... 
!23 ..._.._. 
27 .._.___. 
1% ........ 
29 ___.___.  
30 ........ 
31 ._...... 

Sum.. . . . . . . . . . 
Meal3 .......... 

65.0 
W.6 
4s.:) 
4R.9 

4%9 

51.9 
43.6 
3R.9 
46.0 
49.0 
-50.0 

1,7ZQ. 5 

65.8 

2 p . m -  

Soil. 

'F. 
96.0 
94.0 
87.0 

94.0 
94.0 

94.0 
92.0 

SB. 0 
m. 0 

RI. 0 
S2.0 
74. 0 
82.0 

92. n 
01.0 
%s. n 
93.0 

' iu0.n 

1m. 0 
96.0 
91. n 
Bo. 5 

Sa0 

70.0 
i2.0 
i4.0 
7i. 0 so. 0 
i8.0 

2,690.5 

80.9 

sq. n 

m. 0 

It is a fact that the higher temperature roduced by 
sunshine is only one factor in promoting p l) ant growth, 
as the actinic action of sunlight plays an important part 
in the metabolic processes going an within the plant. 
Whether the increase in temperature can be taken as a 
measure of the increased effectiveness of sunshine in this 
second iduence is problematical, and need3 investi- 
gation. 

A worEng fomula. 
A study of the readings which have been made at East 

Lansing, shows that sunshine is a controlling factor in 
detemning plant temperature, and furthermore that 
plant temperahre largely determines the rate of plant 

owth and development. Cloudiness thus enters into 
g e  roblern in that it lessens sunshine. The plant is 
muc E w m e r  than the air when the sun is shining 

Plants. 

- 
OF. 

92.0 
loo. 0 
85.5 

1M. 0 
107.0 

M. 0 
9i. 0 
96.0 
S6. 1 

91.0 
92.0 
s3.0 

100. n 

73. n 
~ 3 .  n 
9s. 0 
W.0 

100.0 
1n3.0 
113.0 

loe. 0 
1BI. 0 
103.1 
97.8 

85. a 
66.0 
ma 

103.0 
92.0 
la 0 
87.8 

2,918.3 

94. I - 

ihelter. 

- 
OF. 

81.2 
85.0 
SB. 3 

92.5 
89.0 

94.3 
99.0 
83.0 
a2.0 
84.0 

82.0 .sa 0 

71.0 
8Q.O 

SI. S 
sh. 2 
88. n 
95.7 
9% 3 

ga. a 
87.2 
7s. n 
86.0 

7 5  7 

RQ. 0 
71.0 
75.0 
79.0 
m. 1 
S3.0 

2,558.9 

R3.4 

71. a 

- 

Soil. 

- 
QF. 

80.0 
83.0 

82.0 
82.0 

84.0 

76.0 
78.0 

76.0 
70. 0 
70.0 
8ir. 0 
73.0 

79.0 
7s. 0 
83.0 
SI. 0 
82.5 

80.0 a. 0 
7R. 0 
78.0 

73.0 

09.0 
&% 0 
70.0 
7 2  0 
72.0 
74.0 

7s. o 

!2.0 
~n 

2,381. E 

713. a 

7 p. m. 

Plmts. 

.F. 
61.0 
67.5 
66.0 

74.0 
74.0 

77.0 
76.0 
66.0 
63.7 
74.2 

6s. 5 
03.5 
54.0 

65.0 

69.0 

72.0 
75.0 
75. 5 

75.5 

.%I. 0 
65.5 

69.5 

110.0 
54.0 
55.0 
59.0 
58.0 
64.5 

2,046.9 

66.0 

57. n 

61. 0 

61. n 

Shelter. 

.F. 
69.0 
76.0 
71.2 

79.5 
80.2 

85.8 
s2.2 

70.0 
80.3 

75.0 
69.2 
61.1 

i1.0 

7.1.3 
73.3 
7s. 0 
M. il 
s3.7 

84.0 
69.3 
E% 0 
i4.0 

BB. 2 

62.1 
60.0 
62. b 
65. R 
67.0 
73.1 

2,251.8 

73. e 

74. n 

62. n 

- 

State of sky. 

Clear. 
Clear. 
Partly cloudy; light rprlnkle 1:ZO 

p. to 1:30 p. 
Partly rloudy. 
Clear. 

clear. 
Partly rloudv wlth showers. 
Partly rloudy. 
Clear. 
Clear a. m.: cloudy p. m. 

Partly rlondy. 
Partly cloudy. 
Clear. 
Modtly cloudy. 
Mostly cloudy. 

Clew. 
Partly cloudy, rloudq thin. 
Partly rlondy to cloudy. 
Clear. 
Clear. 

Clear. 
Clear. 
Clesr. 
Clear until 4:30 p. m., then partly 

Clear. 
cloudy. 

Cloudy. 
Partly rloudy to rlosr. 
Partly cloudy to clear. 
Clear. 
Clear. 
Pnrtly cloudy, thin clouds. 

and cloudy weather, which in round numbers are 15, 10, 
and 1 degree, respectively; but the last amount has been 
disregarded as being too small to materially affect the 
results obtained through a formula which is considered 
still rather crude. If we indicate by 
X, the number of days having a maximum temperature 

above 42°F. ; 
M, the sum of all maximum temperatures above 42' 

during the period X; 
C, the number of clear days during this period; 
P, the number of partly cloudy da s during this period; 
T, the effective temperature-tota f sought; 

and let 

then we may write our formula 
t = m - 4 2 X Y  

T = t+  15C+ 1OP. 
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Although recognizedly imperfect and held subject to 
amendment after further investigations, this formula will 
be found to bring about much closer results than the 
simple summation method or any other niodifications 
of it so far advanced. 

The fhal formula which is to .be brought out with 
further study, will take into consideration more accurate 
values for plant temperature, and give proper weight 
to the effect of wind velocity, humidity, and both the 
caloric and actinic value of sunshine. 

In conclusion it should be stated that these studies 
are only preliminary to others which the author hopes 
to make with the aid of more accurate instruments and 
methods. It is realized that an enormous amount of 
research must be carried through before the final god is 
reached and an exact formula established for espressing 
the complete relationship between climatic or weather 
conditions and crop production: and thtd this is only a 
minute contribution toward the desired end. 

The valuable suggestions and assistance rendered by 
Drs. E. A. Besse and R.. P. Hibbard, by Profs. A. R. 

, Agricultural College, are gratefully acknowledged, as is 
also the assistance given by Mr. B. E. Whittier, observer, 
in making many therniometric. readings. 

Sawyer, C. W. F hapmm, and others of the Michigan 

SUMMARY. 

The relation between weather and crop production is 
vital and important, but definite statements as to  the 
exact relationships existing are Incking, for the most part, 
especially in regard to the r81e of temperature. In the 
latter respect we need a statenient of the plant’s therma.1 
requirements and a method of evaluating air tenipera- 
ture in terms of its efficiency to meet these requirements. 

The method most generally used has been called the 
summation process, consisting of simply adding together 
the mean daily air tem eratures during the life plia.se of 
a crop, in order to fh I f  the thermal requirement. This 
produces widely differing results from year to year. The 
same process yields somewhat more consistent results if 
one employs maximum instead of niem temperatures ; 
but the summation process is ineffective. 

Van’t Hoff’s law, when introduced into the study by 
the exponential method, also fails to produce consistent 
results, mainly because it does not take into account the 
optimum temperature for growth. 

Livingston’s ‘ I  physiological index ’’ method of evalua- 
ting temperatures is based on a reasonable footing in that 
he used actual growth rates resulting from differing iem- 
peratures; but it does not produce much closer results 
when it is actually applied t.0 the problem. 

It is believed that the temperature of the plant itself 
should be given more consideration, as it is much warmer 
than the air when bathed in sunshine. Observations 
carried on a t  East Lansing during 1915 and 1916 show 
that this excess in temperature of the plant over the air 
in clear weather averages about 15 degrees, in partly cloudy 
weather 10 degrees, and in cloudy weather less then 1 degree 
(F.). Curves expressing plant growth rates and p1a.nt tem- 
peratures show parallelisnis more decided than other teni- 
peratures observed, including maximum and mean air tem- 

eratures, soil temperatures, and readings of the “ blnck- 
gulbinvacuo.” A test of thenuniberof heatunitsrequired 
to cause a cherry tree to blossoni in the reenhouse and 
out-of-doors shows remarkablv close res 3 ts when plant 
temperatures are considered, but a consideration of nir 
temperatures alone gives a wide variation. 

A formula is evolved for determining the effectiventw 
of air temperature in promoting crop development, as 
follows: T=t+l5C+1OPl 1 being the sum of maximum 
temperatures above 42” during a certain period, after 
t.hat amount has been subtracted from each temperature, 
C being the number of clear and P the number of partly 
cloudy days during the period. 
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DAMAGE BY HAIL aY KANSAS. 

By 5. D. FLORA and C. L. Bum. 
[Dated: Weathea Bureau Oftlee, Topeka, Kana., Apr. 17,1917.1 

In Kansas damage by hail is most serious in the fields 
of growing wheat, and in the wheat-growing belt of the 
United States it is a widespread practice to insure against 
such loss by hail. It therefore seemed reasonable, to the 
writers, to espect to f h d  that in this wheat belt there had 
been made a close study of the occurrence of hail. So far 
as they have been able to ascertain, however, no systematic 
collection of data relative to hailstorms in Kansas-the 
greatest wheat-growing State of the Union-has ever been 
attempted beyond the statistics of losses sustained there 
by the companies issuing hail insurance. This omission 
seems all the more striking in view of the fact that reliable 
estimates indicate hail-caused damage amounted to more 
than $6,000,000 during 1915 alone-an amount of damage 
many times greater than ever resulted from the tornadoes 
of my single year and probably greater thau the average 
annual damage from unseasonable frosts. Yet both 
tornado and frost occurrences have been studied at length. 


